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Jerky elasticity was observed by Dynamical Mechanical Analyzer (DMA) 
measurements in a single crystal of the shape memory alloy Cu74.08 Al23.13 Be2.79. Jerks 
appear as spikes in the dissipation of the elastic response function and relate to the 
formation of avalanches during the transformation between the austenite and the 
martensite phase. The statistics of the avalanches follows the predictions of avalanche 
criticality P(E)~ E -ε where P(E) is the probability of finding an avalanche with the 
energy E. This result reproduces, within experimental uncertainties, previous findings 
by acoustic emission techniques. 
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The elastic response of materials measured at low frequencies, such as measured in a 
Dynamical Mechanical Analyzer (DMA) arrangement, is generally found to 
be a smooth function of the applied stress in the regime of small stresses. 
Superelastic softening occurs when the external stress is involved in the movement 
of interfaces such as twin boundaries or the interface between two phases (such as 
a para-elastic and a ferroelastic phase 1). The real part of the elastic response 
relates to the elastic moduli while the imaginary part measures dissipation. Previous 
studies of the dissipated energy revealed Debye type relaxations related to the 
movement of such interfaces 2-9. Jerky elasticity, where the dissipation displays 
singularities such as spikes, was envisaged theoretically but has never been seen 
experimentally in DMA experiments. On the other hand, jerky behavior was 
observed in acoustic emission measurements 10-11 and it appears likely that 
equivalent measurements should be possible when the driving force of the 
interfacial movement is stress rather than strain or thermal. We will show below that 
we see, indeed, the same jerky behaviour as in acoustic emission measurements 
when appropriate DMA measurements are performed. 
In general, for avalanches to occur it is required that thermal fluctuations play a minor 
role (athermal behavior) and that the system is driven slowly enough across the 
transition in order to ensure that avalanches do not overlap. On the other hand, a 
quantitative study of avalanches requires the use of very sensitive techniques that enable 
detection of very small transformed fractions characterized by a sub micrometer length 
scale and good time resolution. In the case of structural transitions, including ferroics 
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and multiferroics, acoustic emission (AE) is a very convenient technique for the study 
of avalanches. In some cases, other more integral methods including calorimetry have 
been used to reveal the existence of avalanches 15. It is worth pointing out that no 
avalanches have been detected so far using Dynamic Mechanical Analysis (DMA) 
measurements. 
We have performed a DMA study of avalanches during the thermally induced 
martensitic transition in a Cu74.08 Al23.13 Be2.79 single crystal 15. This is a technologically 
interesting material which displays shape-memory and superelastic properties. The 
crystal has been grown by Bridgmann technique. The atomic composition of the sample 
is Cu74.08 Al23.13 Be2.79 as determined by microprobe analysis of Cu and Al while the Be 
content was inferred from the composition of the melt 15.  In the absence of applied 
external forces, this system undergoes a martensitic transition on cooling to a 
monoclinic 18R structure in the range from (approx.) 260 K to 210 K.  From the original 
rod, a sample with length 7.2 mm, width 1.05 mm and thickness 0.13mm has been cut 
using a low-speed diamond saw. The surface of the sample is parallel to (100) plane and 
its length parallel to [110] direction. 
 
The DMA experiment was performed on a Perkin Elmer DMA Diamond instrument 
with small applied forces (<50mN applied force with a dc component of 60mN). The 
displacement of the sample was ca. 15µm.  Increasing the forces did not lead to an 
increase of the spikes but simply deformed the sample macroscopically. The 
deformation mode was the three point bending method 3 under very slow heating and 
cooling conditions (< 0.15 K/hour). Increased heating and cooling rates lead to the 
overlap between the spikes so that any statistical evaluation of the spectrum of spikes 
became impossible. The applied frequency for the bending stress was also as low as was 
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technically possible (0.1Hz). The temperature dependence of the dissipation (tan δ) 
during a heating experiment is shown in Fig.1, dynamic phase lag tan δ in Fig. 2. At the 
onset of the transition near 270K a smooth transition zone is visible while jerky 
elasticity is indicated by spikes at temperatures below 265K down to the lowest 
temperature measured in this experiment (205K). This interval is slightly larger than 
that measured in another sample cut from the same growth body and described in 15. 
The profiles of the spikes are essential identical so that a statistical analysis is possible 
by simply taking the amplitudes of the spikes into consideration. The analysis of the 
results in Fig.2 is represented in Fig.3. An estimation of a probability density so that 
P(E)dE is the probability of finding an event within the range E to E+dE is given by 
P(E). The distribution P(E)  in Fig.3 shows a maximum near zero amplitude with a total 
count of 44 events. The distribution decays to half this values at an amplitude of 0.55 
and a small number of events at very large amplitudes. The functional form of the decay 
follows a power law (Fig.4) with an approximate exponent of  ε= -1.3.  
 
We can now compare this result with previous findings. Avalanches in martensitic 
transitions have commonly been studied from measurements of the AE generated during 
the transition. In this kind of measurements avalanches are detected at time scales (in 
the range from µs to ms) much smaller than in our present experiments and the number 
of detected avalanches is typically orders of magnitude larger. It must be pointed out 
that in AE measurements the avalanche size is often characterized from the amplitude A 
of the detected signals. Power law behavior is also obtained  characterized by an 
exponent α (P(A) ~ Aα).  The energy exponent can then be obtained by assuming a 
statistical dependence E ~ A2 between energy and amplitude which lead to ε = - (α 
+1)/2  16. For Cu-based shape memory alloys (including Cu-Al-Be) transforming to a 
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18R martensite, an exponent α = -3 ± 0.2 has been reported 17.The corresponding 
energy exponent is ε = -2 ± 0.2. This exponent is somewhat larger than our presenent 
DMA estimation . The analytical error in the determination of the exponent from our 
experiment can be estimated to be around 0.3 which leads to an upper bound of 1.6. 
While this value is still smaller than in 17 our power law interval for the energy bursts is 
only one decade so that further numerical systematic errors are possible. Nevertheless, 
this papers shows that the power law exponent can be measured directly by the 
surprisingly simple DMA technique and opens the way for further experimental studies  
of the power law exponent.  
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Fig. 2. Phase lag tan(δ) of a Cu74.08 Al23.13 Be2.79 single crystal recorded in 
three-point-bending mode at 0.1 Hz and heating rate of 0.15 K/min.
Fig. 1. T-ramp during measurement of Fig. 2 showing a linear ramp of 0.15 
K/min driven for 12 h. 
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Fig. 3. Peak statistics of tan δ-peaks of Fig 1 classifying 314 peaks according to 
individual absolut height. 
Fig. 4. Log-Log plot of peak statistics of Fig 3. Fitted line displays a power law 
dependence with an energy exponent of ε= -1.3 (P(E)~E -1.3).
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